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METHODOLOGY FOR PULL MODEL
INVOCATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to message passing inter-
faces between a host and an I/O peripheral device. More
specifically, the present mvention relates to the dynamic
reconflguration of such a message passing interface.

2. Previous art

A host device often 1s required to communicate with I/0
peripherals. As the demand for I/O throughput increases, so
do the demands placed on the host device and the I/O
peripherals. Increasing amounts of data must be transferred
to and from the host and I/O peripheral, at ever increasing
speeds. Various message passing protocols have been devel-
oped to facilitate communication between the host and the
I/O peripheral, both to facilitate device driver portability
across operating systems and to contribute to the develop-
ment of intelligent, distributed I/O processing. By utilizing
a standard message passing interface, device drivers can be
designed independent of both the underlying bus architec-
ture and the specific operating system used. Moreover, by
imbuing the device driver with added intelligence and
autonomy, the burden of the host processor or processors,
memory and system bus 1n controlling mterrupt driven I/0
tasks can be lessened, thus freeing them for other tasks, such
as application processing tasks. A message passing protocol
can be thought of as intermediary separating the host and the
I/0 device which facilitates the exchange of data and control
information. A specific implementation of such a message
passing protocol includes one mmbound and one outbound
queue. In such an implementation, the I/O peripheral would
provide one 1bound and one outbound queue. The inbound
logical queue receives all messages targeted for the I/0O
peripheral, whereas the outbound queue receives all mes-
sages processed by the I/O peripheral. Likewise, the host
device would provide one inbound and one outbound logical
queue. The mbound logical queue receives all messages
targeted for the host, whereas the outbound logical queue
receives all messages processed by the host. The mbound
queue of the host 1s the outbound queue for the I/O periph-
eral. Likewise, the outbound queue of the host 1s the inbound
queue of the I/O peripheral.

The host and the 1I/O peripheral include both local and
shared memory. The shared memory of the host 1s mapped
into the system address space, whereas the local memory of
the host 1s accessible only to the host. The host shared
memory 15 accessible both to the host, as well as to other
devices, such as the I/O peripheral, having access to shared
system memory. The I/O peripheral also includes local
memory, accessible only to the I/O peripheral. The I/O
peripheral also includes shared memory, which 1s also
mapped 1nto the system address space.

There 1s often a need to move data from a host system to
a local memory of an I/O peripheral. For this purpose, two
methods of moving data are known. These are the Push and
Pull models of data movement.

The movement of data, in the Push model, 1s initiated by
the host. In the Push model, the host moves data stored 1n 1ts
private local memory to the I/O peripheral’s shared memory,
which shared memory 1s mapped mto the system address
space. Thus, in the Push model, the host “pushes” data
located 1n 1ts private local memory to the I/O peripheral’s
shared memory. To do this, the I/O peripheral allocates
message frames 1n 1ts own shared memory, which shared
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2

memory 1s mapped into the shared system memory. The host
then copies messages from the host local memory to those
allocated message frames in the I/O processor shared
Mmemory.

Movement of data, 1n the Pull model, 1s 1mnitiated by the
I/O peripheral. In the Pull model, the I/O peripheral moves
data from the host’s shared memory region, which shared
memory 1s mapped 1nto the system address space, to the I/0
peripheral’s own private local memory. Thus, in the Pull
model, the I/O peripheral “pulls” data located 1n the host
shared memory to 1ts own local memory. To do this, the host
allocates message frames 1n 1ts shared memory, which
shared memory 1s mapped into the shared system address
space. The I/O peripheral then copies data from the shared

system memory to its private local memory.

There are instances where the Push model of data transfer
between the host and the peripheral 1s preferable, and more
ciiicient. Such might be the case wherein the host processor
architecture favors the Pull model or where there are rela-
tively few I/O 1nterrupts that are generated, or where the host
requires continuous control over the processing of such
mterrupts. Other host processor architectures and other
situations favor the Pull model, such as when a large number
of vectored interrupts are generated, or when sustained data
transfers occur between the host and the I/O peripheral.
There are other situations still in which both the Push and the
Pull model should be utilized consecutively, to make the
most efficient use of system resources. In such situations,
there has been a long felt need for a method of switching the
message passing interface from the Push model of data
transier to the Pull model. Moreover, there has been a long
felt need to dynamically reconfigure such a message passing
interface from the Push model to the Pull model, without
requiring the I/O processor, at first initialized 1n the Push

model, to cycle through power-on/reset and to re-initialize in
the Pull model.

SUMMARY OF THE INVENTION

It 1s an object of this invention, therefore, to provide a
method for switching a message passing interface between
a host and an I/O peripheral from the Push model in which
the host moves data stored 1n 1ts private local memory to the
I/O peripheral’s shared memory to the Pull model, in which
the I/O peripheral moves data from the hosts shared memory
region, to the I/O peripheral’s own private local memory.

It 1s an additional object of this invention to provide such
a method for dynamically reconfiguring such a message
passing interface from the Push model to the Pull model,
without requiring the I/O processor, mitially initialized in
the Push model, to cycle through power-on/reset and to
re-1nitialize 1 the Pull model.

In accordance with the above objects and those that will
be mentioned and will become apparent below, the method
for Pull model mvocation accordance with this invention

comprises the steps of:

locating an mbound queue and an outbound queue of the
I/O peripheral;

clearing the outbound queue of the I/O peripheral of any
messages from previous mbound messages;

initializing the I/O peripheral 1n the Pull model;

posting messages currently being processed by the I/O
peripheral to the I/O peripheral outbound queue; and

sending messages that will be recognized as free mes-
sages to the 1/O peripheral inbound queue,
whereby the I/0 peripheral recognizes that the free messages
are not requests from the host, and that the free messages are
available for further processing by the 1/O peripheral.
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According to an exemplary embodiment of the present
invention, the host, prior to the locating step, carries out a
waiting step to insure that the I/O peripheral has finished
cycling through power-on/reset and has initialized 1n the
Push model.

According to another exemplary embodiment of the
present 1nvention, the clearing step 1s initiated by the host,
which carries out a step of posting a message on the I/0
peripheral’s inbound queue, directing the 1/O peripheral to
flush 1ts outbound queue.

In another embodiment, the host, prior to the sending step,
carries out a step of allocating at least one message frame 1n
host memory, the at least one allocated message frame being
used to mnitialize the I/O peripheral’s mnbound queue.

According to a still further exemplary embodiment of the
present invention, the host further carries out a step of
initializing each of the at least one allocated message frame
as a NULL message, to thereby cause the I/O peripheral to
recognize each of the at least one allocated and NULL
initialized messages as a free messages.

In another embodiment, the Pull model initializing step 1s
carried out at the request of the host, which further carries
out a step of posting a Pull model mitialization request
message to the I/0 peripheral’s mbound queue.

It 1s an advantage of this invention to a provide a method
whereby the message passing interface between the host and
the I/0 peripheral can be dynamically reconfigured from the
Push model to the Pull model, without requiring the I/0
peripheral to be reset or powered down.

BRIEF DESCRIPTION OF THE DRAWING

For a further understanding of the objects and advantages
of the present invention, reference should be had to the
following detailed description, taken in conjunction with the
accompanying drawing, in which like parts are given like
reference numerals and wherein:

FIG. 1 1s a diagram showing the logical configuration of
the host and I/O peripheral local and shared memories, and
the shared system memory.

FIG. 2 1s a flow chart of the method for Pull model
invocation according to the present invention.

FIG. 3 1s a diagram showing the inbound and outbound
queues of the host and of the I/O peripheral.

DETAILED DESCRIPTION OF THE
INVENTION

Prior to a detailed description of the present invention, the
concepts of Push and Pull models will be 1llustrated waith
reference to FIG. 1, which illustrates the logical configura-
fion of the host and I/O peripheral local and shared
memories, and the shared system memory. In FIG. 1, rel-
crence numeral 100 represents the host device, 110 repre-
sents the shared system memory, and 120 represents the 1/0
peripheral. The host 100 has both local private memory 107
and shared memory 105, which shared memory 1s mapped
into a block 115 of the shared system address space 117, as
indicated by the dashed lines joining host shared memory
105 and shared system memory block 115. Similarly, the I/0
peripheral 120 has local memory 127 which 1s accessible
only to the I/O peripheral, and shared memory 125, which 1s
mapped 1nto a block 113 of the shared system memory 117.

In the Push model, the host moves data 1s moved from the
host’s private local memory 107 to the I/O peripheral’s
shared memory 125, which 1s mapped into the shared system
memory block 113, and thus into the shared system memory
address space. The Push model 1s graphically 1llustrated 1n
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FIG. 1 by the arrow 109, which extends between the host’s
local memory 107 and the shared system memory block 113.

In the Pull model, the I/O peripheral moves data from the
host’s shared memory 105, which 1s mapped to the shared
system memory block 115, to the I/O peripheral’s local
private memory 127. The Pull model 1s graphically illus-
trated by arrow 119, which joins the shared system memory
block 115 to the I/O peripheral’s local memory 127.

FIG. 3 1s a diagram showing the host and the I/0
peripheral, and the queues joining them. As shown 1n FIG.
3, the mbound queue of the host 1s the outbound queue of the
I/O peripheral. Likewise, the outbound queue of the host 1s
the 1nbound queue of the I/O peripheral.

The methodology for Pull model invocation according to
the present invention 1s shown in FIG. 2. FIG. 2 1s a flow
chart detailing the method of invoking the Pull model of data
transfer, whereby the I/O peripheral copies data from the
host’s shared memory, which shared memory 1s mapped 1nto
the shared system memory 1nto its own local memory. The
start of the method according to the present invention 1is
indicated 1in FIG. 2 at 50. In step S1, the hosts waits until the
I/O peripheral has cycled through its power-on/reset proce-
dures. If 1t has not, the host waits until the I/O peripheral has
indeed powered on or properly reset. In step S2, the host
waits until the I/O peripheral has initialized in the Push
model. When the 1/O peripheral has indeed properly initial-
1zed 1 the Push model, the host, in step S3, locates the
inbound and outbound queues of the I/O peripheral in
memory. After they have been located, the host, 1n step S4,
now posts a message on the I/O peripheral inbound queue
directing the I/O peripheral to flush 1ts outbound queue,
which the I/O peripheral does 1n step S5. This clears the /0
peripheral outbound queue of any messages from any pre-
vious messages. In step S6, the host then allocates message
frames 1n host memory, to be used to imitialize the I/O
peripheral inbound queue. Each allocated message frame 1s
mnitialized as a NULL frame 1n step S7, so that the I/O
peripheral will recognize the messages as free messages, and
not as requests from the host. The host, 1n step S8, posts a
message to the I/0 peripheral inbound queue, mstructing the
I/O peripheral to initialize in the Pull model. The I/0
peripheral then, as directed, mitializes 1in the Pull model in
step S9. In step S10, the I/O peripheral posts any messages
currently being processed to its outbound queue. The host
then posts the allocated and NULL-1nitialized messages, 1n
step S11, to the I/O peripheral inbound queue. In step S12,
the I/O peripheral makes the NULL messages available as
free messages for the I/O peripheral inbound queue. The I/0
peripheral now has a supply of free messages that will be
used to pull data from the system shared memory to 1ts own
private local memory. The method ends with step S13.

As can be seen, the methodology for Pull model mvoca-
tion allows the message passing interface to be dynamically
reconfigured, or switched from the Push model to the Pull
model. This allows the I/O peripheral to 1nitialize 1n the Push
model after power-on/reset, while providing the host a
means to reconfigure the message mterface to the Pull model
at some later time after power-on/reset. Should it be deter-
mined that the Push model would again be more advanta-
geous while the I/O peripheral i1s 1mitialized in the Pull
model, the host may 1ssue an I/O peripheral reset instruction,
whereupon the I/O peripheral would then re-initialize 1n the
Push model. Alternatively, the I/O peripheral can be made to
cycle, once again, through 1ts power-on/reset procedure, and
to 1mitialize 1n the Push model. Thus, the present mnvention
provides a method for dynamically switching between a
Push model of data transfer to a Pull model, but also a
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method for reverting back to the Push model from the Pull
model, should it be advantageous to do so. The ability to
dynamically reconfigure the message passing interface,
according to the present mvention, serves to optimize per-
formance of both the host and the I/O peripheral.

While the foregoing detailed description has described
several embodiments of this invention, it 1s to be understood
that the above description 1s illustrative only and not limiting
of the disclosed invention. Those of skill in this art will
undoubtedly make various modifications to the present
imvention, and all such modifications should to be deemed to
fall within the spirit of the present invention. Thus, the
invention 1s to be limited only by the claims as set forth
below.

What 1s claimed:

1. A method for dynamically switching between a Push
model in which a host computer device moves data stored 1n
a host local memory to an I/O peripheral shared memory, to
a Pull model 1in which the I/0O peripheral moves data from a
shared memory of the host to a local memory of the I/O
peripheral, comprising the steps of:

flushing an outbound queue of the I/O peripheral;
initializing the 1/O peripheral in the Pull model;

posting messages currently being processed by the 1/0
peripheral to the 1I/O peripheral outbound queue; and

sending at least one message to the inbound queue of the
I/O peripheral;

whereby the I/O peripheral recognizes the at least one
message sent to the mmbound queue as a free message
available for further processing and not as requests
from the host computer device.

2. A dynamic switching method according to claim 1,
wherein the host, prior to the flushing step, carries out a step
of locating the I/O peripheral’s mbound and outbound
queues 1n memory.

3. A dynamic switching method according to claim 1,
wherein the flushing step 1s initiated by the host, which
carries out a step of posting a message on the 1/O periph-
eral’s inbound queue, directing the 1/O peripheral to flush its
outbound queue, to clear the outbound queue of all messages
from previous mbound messages.

4. A dynamic switching method according to claim 1,
wherein the host, prior to the sending step, carries out a step
of allocating at least one message frame 1n host memory, the
at least one allocated message frame to be used to initialize
the I/O peripheral’s inbound queue.

5. A dynamic switching method according to claim 4,
wherein the host further carries out a step of initializing each
of the at least one allocated message frame as a NULL
message.

6. A dynamic switching method according to claim 1,
wherein the Pull model mitializing step 1s carried out at the
request of the host, which further carries out a step of posting
a Pull model imitialization request message to the 1/0
peripheral’s inbound queue.

7. A dynamic switching method according to claim 1,
wherein the I/O peripheral, upon initializing to the Pull
model, further carries out a step of posting any messages
currently being processed to the I/O peripheral outbound
queue.

8. A method for dynamic reconfiguration of a message-
passing 1nterface from a Push model to a Pull model m a
computer system comprising at least a host device and an
I/0 peripheral, comprising the steps of:

locating an inbound queue and an outbound queue of the

I/O peripheral 1n memory;
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clearing the outbound queue of the I/O peripheral of any
messages from previous mbound messages;

initializing the I/0O peripheral 1n the Pull model;

posting messages currently being processed by the I/0
peripheral to the 1I/O peripheral outbound queue; and

posting at least one message that will be recognized as a
free message to the I/0 peripheral inbound queue;

whereby the I/0 peripheral recognizes that the at least one
message 1s not a request from the host, and that the at
least one message 1s available for further processing by
the 1I/0 peripheral.

9. A dynamic reconfiguration method according to claim
8, wherein the host, prior to the locating step, carries out a
waiting step to msure that the I/O peripheral has finished
cycling through power-on/reset and has initialized 1n the
Push model.

10. A dynamic reconfiguration method according to claim
8, wherein the clearing step 1s initiated by the host, which
carries out a step of posting a message on the 1/O periph-
eral’s inbound queue, directing the I/O peripheral to flush its
outbound queue.

11. A dynamic reconfiguration method according to claim
8, wherein the host, prior to the free message posting step,
carries out a step of allocating at least one message frame in
host memory, the at least one allocated message frame being
used to 1nitialize the I/O peripheral’s mnbound queue.

12. A dynamic reconfiguration method according to claim
11, wherein the host further carries out a step of initializing
cach of the at least one allocated message frame as a NULL
message, to thereby cause the I/O peripheral to recognize
cach of the at least one allocated and NULL 1nmitialized
messages as a free message.

13. A dynamic reconfiguration method according to claim
8, wherein the Pull model 1nitializing step 1s carried out at
the request of the host, which further carries out a step of
posting a Pull model initialization request message to the I/0
peripheral’s 1nbound queue.

14. A method for Pull model mvocation, comprising the
steps of:

locating an mbound queue and an outbound queue of an
I/O peripheral in memory;

directing the I/O peripheral to clear its outbound queue of
messages from previous mbound messages;

posting a message to the I/O peripheral inbound queue
mnstructing the I/O peripheral to initialize 1n the Pull
model;

posting messages currently being processed by the I/0
peripheral to the 1/O peripheral outbound queue; and

posting at least one message to the I/0 peripheral inbound
queuc;

whereby, starting from a Push model 1n which a host
computer device moves data 1n a host local memory to
an I/O peripheral shared memory, the Pull model 1s
dynamically mvoked, in which the I/O pernpheral
moves data from the host’s shared memory to a local
memory of the I/O peripheral.

15. The Pull model invocation method of claim 14,
wherein the I/O peripheral further carries out the step of
making the at least one message available as a free message,
and not as a request for further processing by the host.

16. The Pull model invocation method of claim 14,
wherein the host, prior to the locating step, carries out a
waiting step to msure that the I/O peripheral has finished
cycling through power-on/reset and has initialized in the

Push model.
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17. The Pull model invocation method of claim 14,
wherein the directing step 1s initiated by the host, which
carries out a step of posting a message to the inbound queue
of the I/O peripheral, which message directs the 1/0 periph-
cral to flush its outbound queue.

18. The Pull model invocation method of claim 14,
wherein the host, before the at least one message posting,
step, carries out a step of allocating at least one message
frame 1n host memory, the at least one allocated message

frame being used to 1nitialize the I/O peripheral’s inbound 10

queue.

3

19. The Pull model invocation method of claim 18,
wherein the host turther carries out a step of 1nitializing each
of the at least one allocated message frames as a NULL

message, to thereby cause the I/O peripheral to recognize
cach of the at least one allocated and NULL 1nitialized

messages as a free message, and not as a request.
20. The Pull model invocation method of claim 14,

wherein the message instructing the I/O peripheral to 1ni-
tialize 1n the Pull model 1s posted by the host.

G ex x = e
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